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"he invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any myaltiw thereon or therefor. 
This invention relates to propellant injectors for com- 
bustion chambers of rockets or rocket aircraft, with spe- 
cial adaptation to the combustion of an oxidant and a 
fuel. 
As usually constructed the injector system of rocket 
combustion chambem includes a plurality of accurately 
driled jet nozzles which develop impinging jet streams 
of propellant substmce~ with intimate mixing. This in- 
jector system is usually complex in arrangement and cost- 
ly to machine and offers difficulties in providing mani- 
folds for close jet spacing. 
Generally stated this invention contemplates the use of 
a plurality of parallel tribes, each slotted to provide a 
plurality of outlets, and alternate tubes having connection 
to merent propellant sources. The slots of adjacent 
tubes am stagged to insure thorough mixing of the fuel 
ingredients. 
Among the objects of the invention are the provision 
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of prupellant injectors so constructed as to permit close 
nozzle spacing. Another object is to provide a propellant 
injector of simple construction, permitting easy machin- 
ing and developing a high degm of efficient perform- 40 
ance. An additional object is to provide an injector 
which is readily scalable to any rocket engine chamber, 
diameter or thrust. An object also, is to provide simple 
manifolding for a combustion injector. 
Other obisots and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the -pan* drawings wherein: 
Fig. 1 is a perspective view of the injector showing the LIo 
front face thereof with parallel slotted nozzle tubes; 
Fig. 2 is a perspective view of the injector showing the 
tuhlar umnectiom between the fuel and oxidant mani- 
folds and the outlet nozzle tubes; 
Fig. 3 is a detail of a nozzle outlet tube with milled 
d e  slots formed thereiq and 
Fig. 4 is a detail showing the location of connector 
tube attachments to the nozzle plate. 
Figs. 1 and 2 rev& the propellant injector 10 as consist- 
ing of three main Sectio~, the manifold section 11, the 
amncctor tube Section 12 and the injector tube section 13. 
The iqiector tube section 13 is formed of a circular flat 
s u p p t h g  plate 14 having a central circular raised area 
15. The raised area 15 is penetrated by two spaced pairs 
16 and 17 of parallel alined apertures 18, the apertures of 
each pair, behg successively and oppositely off-set from 
a medium line, moving from one end of the apertures to 
the other, as indicated in Fig. 4. Secured to the walls 
of aperturca 18, BS by silver solder, are a plurality of 
shoa tubes 19, and to theae tubes the nozzle tubes 20 are 
aitached, 88 shown in Fig. 3. Each nozzle tube is posi- 
tioned at right anglm to the line of plate apertures and 
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is cylindrical in form, and of uniform cross sectional area, 
with ends closed BS by end plates 21. The tubes, also, 
are milled, or otherwise processed, to form a series of 
equally spaced slots on the outer sides of the tube, from 
end to end thereof and lying at right angles to the tube 
axis. The depth of these slots may be varied according 
to specific needs but a depth of less than one-third the 
tube diameter or about one-half the tube radius gives 
satisfactory results. The slots may be of variable width 
for each propellant, depending on the density of the 
fluids. For example, the fuel slots 22 may have a width 
of 0.008 inch and the oxident slot a width of 0.016 inch. 
In order to occupy the full circular central area 15 of 
the support plate the nozzle tubes 20 are of shorter length 
whem attached to the tubes 19 at the end of the line of 
apertures 18, and increase in length to a maximum where 
the tubes are adjacent the plate center. When in posi- 
tion, the nozzle tubes 20 form a flattened grating over 
the circular area 15. 
As appears particularly in Fig. 1 the nozzle slots 22 of 
any one nozzle tube are in line with points about midway 
between slots on the two adjacent tubes. The reason for 
this slot relationship is to insure thorough mixing of the 
oxidant and fuel, these two propellants being forced from 
alternate tubes as will now be explained. 
Manifold section 11 includes two manifold Units 30 
and 31 (see Figs. 2 and 4) each consisting of a rectangu- 
lar elongated bar of suitable materital having an axial 
bore 32 therethrough with one end of the bore plugged 
and the other connected to a propellant.source. For ex- 
ample, manifold 30 may be connected to an oxidant 
source and manifold 31 to a fuel source, both the oxi- 
dant and fuel being preferably in the form of a fluid. 
The rectangular manifold bars 30 and 31 are each flat- 
tened forming two narrowed sides 41 and 42 and a series 
of staggered ducts 43 are formed in both of these nar- 
rowed sides conforming in relationship to each other 
with that of the pairs 16 and 17 of apertures 18 formed 
in the support plate 14. These ducts 43 connect with the 
bores 32 and with the corresponding apertures in the 
plate 14 through the various tubes 44 of the connector 
tube section 12, as clearly shown in Fig. 2. The con- 
nector tubes each consist of a central straight section 45 
provided with pipe unions 46 at each end joining threaded 
couplings 47, the couplings being threaded into Corre- 
spondingly threaded ends of ducts 43 and apertures 18. 
As appears from Fig. 4, successive nozzle tubes 20 are 
connected by tubes 45 and 44 alternatively to mani- 
folds 30 and 31 so that different propellants are supplied 
to adjacent nozzle tubes. Thus, in the case of fuel and 
oxidant propellants, one nozzle will send out a fan shaped 
spray of fuel and the adjoining nozzles, sprays of oxidant. 
With this construction, arrangement and relationship of 
nozzle tubes, it will be seen that the slot form facilitates 
atomization and allows close contiguous spacing of the 
tubes; the relative size of the slots provides the correct 
proportion of oxidant-fuel mixture; and the slot spacing 
insures homogeneity of mass distribution across the face 
of the injector. There is thus obtained a thorough and 
inthate mixing of the different propellants with result- 
ing efficient performance. 
Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
1. An injector for propellant combustion chambers 
consisting of a plurality of parallel co-planar contigu- 
ous injector tubes forming a flattened grating, each 
tube being provided with single slots on a common grat- 
ing face which are transversed to the tube axis and paral- 
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Id with'allothcr tube dots dtha grating faces aad dia- with a Series of dots transversa to tho tube axis and on 
p l d  from alignment with the slots of the next adjacent a coinmon gratingfacu, eachslot of onetabe being equal- 
tubes, manifolds for conndons to diffurmt 8ou~ces of ly displaced along tha tube from the lins of alignment of 
propellants, and bubes for +xmmctm ' said manifolds to the adjacent slots of the adjoiuing tubes, a first manifold 
said inj-r tubes, separate manifolds behg caumted to 5 for Connecting alternate t u b  of said to a fluid 
alternate injector tubes, whereby alternate spray sheets of propellant source, and a second manifold for 
pmpellants from different sources are ejected over the the remaining tubes to another fluid p r 0 p e l U ~ -  
e n t i r e ~ s u r f a c c .  whereby alternate sheets of dif[srent propdads are 
2. In an injector for combtion chmben, a support, ejected mer the entire injector surface. 
a plurality d tubes mounted on said support in contigu- 10 
a flattened grating, each tube having formed thereon 
space slots for emission of propellant from within said 
tube, said slots being spaced uniformly along each tube 
and each slot in each tube being out of line with the slots 15 
in tho next joining tubes, means for supplying fluid pro- 
pellant to said tubes and means for supplying diffaent 
propellant fluids to adjacent tubes whereby alternate 
sheets of merent propellants are ejected over the entire 
injector surface. 20 
3. The injector, as defined in claim 2, said tubes hav- 
k g  a uniform tubular moas-sectional area, and the slots 
therein having a depth not over one-third the tube diam- 
eter. 
bem comprising a base, a series of unidirectional, paral- 
lel, contiguous and -planar tubes mounted on said base, 
said tubes being of uniform croswedonal area to form 
a tlattenad tube grating and each tube beiug provided 
ous parallel and co-planar relation to each other to form Refemlces cited inthemeofthia 
4. A propellant injector for rocket combustion cham- 25 
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